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(54) Title: UNDERWATER TREATMENTS 
(57) Abstract 

An electrosurgical instrument, for the treatment of tissue in the pres- 
ence of an clectneally<onductive fluid medium, comprises an instrument 
shaft (10), and an electrode assembly (12) at one end of the shaft. The 
electrode assembly (12) comprises a tissue treatment electrode (14) and a 
return electrode (18) which is electrically insulated from the tissue treatment 
elccmxtebynx^of«nb»ulmU«meinbeT<16V Tb© tissue treatment elec- 
trode (14) has an exposed end (14a) extendini laterally through a cut-out 
(16a) provided in the insulation member (16) at the distal end portion of 
ihe instrument. The return electrode (18) has a fluid contact surface (18a) 
which overlies the insularion roerober(16^fatheregic«of Aecut^(loa). 
The fluid contact surface (I8a) is spaced from the tissue treatment electrode 
(14) in such a manner as to define, in use, a conductive fluid path that com- 
pletes an electrical circuit between the tissue treatment electrode and the 
return dectrode(l8). 
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UNDERWATER TREATMENTS 



This invention relates to an elect rosurgical instrument for the treatment of tissue in the 
i presence of an dearically-coitductive fluid medium, to dectrosurgieal apparatus including 
such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic electrosurgery is useful for treating tissue in cavities of the body, and is 
normally performed in the presence of a distension medium. When the distension medium 

0 is a liquid, this is commonly referred to as underwater electrosurgery. this term denoting 
elcctrosuruery in which living tissue is treated using an dectrosurgieal instrument with a 
ireatmcm electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 

5 is often the case in laparoscopic or gastroenterological surgery. 

Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode Alternatively, the endoscope may be specifically adapted (as 

:0 in a resectoscopei to include means for mounting an electrode, or the electrode may be 
introduced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangulation These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has particular advantages given the access route to the specific body cavity. Endoscopes 

25 with integral working channels, or those characterised as resectoscopes, are generally 
employed when the body cavity may be accessed through a natural body opening - such 
as the cervical canal to access the endometrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial cavity are referred to as hysteroscopes. and those designed for use in the 

30 urinary tract include cytoscopes, urethroscopes and resectoscopes. The procedures of 
iransurethal resection or vaporisation of the prostate gland are known as TURP and EVAP 
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respectively. When there is no natural body opening through which an endoscope may be 
passed, the technique of triangulation is commonly employed. Triangulation is commonly 
used during underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as in 
5 arthroscope. 

Electrosurgery is usually earned put using either a monopolar instrument or a bipolar 
instrument. With monopolar electrosurgery. an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 

1 0 arrangement, current passes from the active electrode through the patient's tissues to the 
external return plate Since the patient represents a significant portion of the circuit, input 
power levels have to be high (typically 1 50 to 250 wans), to compensate for the resistive 
current limiting of the patient's tissues and, in the case of underwater electrosurgery. 
power tosses due to the fluid medium which is rendered partially conductive by the 

1 5 presence of blood or other body fluids. Using high power with a monopolar arrangement 
is also hazardous, due to the tissue heating that occurs at the return plate, which can cause 
severe skin bums. There is also the risk of capacitive coupling between The instrument and 
patient tissues at the entry point into the body caviiy 

20 With bipolar electrosurgery. a pair of electrodes (an active electrode and a return 
electrode) are used together at the tissue application she. This arrangement has advantages 
from the safety standpoint due to the relative proximity of the two electrodes so that radio 
frequency currents are limited to the region between the electrodes. However, the depth 
of effect is directly related to the distance between the two electrodes; and, in applications 

25 requiring very small electrodes, the inter-electrode spacing becomes very small, thereby 
limiting tissue effect and the output power. Spacing the electrodes further apart would 
often obscure vision of the application site, and would require a notification in surgical 
technique to ensure direct contact of both electrodes with the tissue. 



30 There are a number of variations to the basic design of the bipolar probe. For example. 
U S Patent Specification No 4706667 describes one of the rurxlamentals of the design. 
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namely that the ratio of the contact areas of the return electrode and of the active electrode 
is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, ihe ratio of the contact areas of the two electrodes may be reduced to 
5 approximately 1:1 to avoid differential electrical stresses occurring at the contact between 
the tissue and the electrode. 

The electrical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 

10 efTect is limited to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation: even a relatively small 
change in application angle from the ideal perpendicular contact with respect to the tissue 

I S surface, will change the contact area ratio, so that a surgical effect can occur in the tissue 
in contact with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instruments. In low volume body cavities. 
20 particularly where it is desirable to distend the cavity under higher pressure, liquid rather 
than gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operauve site. 

Conventional underwater electrosurgery has been performed using a non-conductive liquid 
25 (such as 1 .5% glycine) as an irrigam, or as a distension medium to etimmate electrical 
conduction losses. Glycine is used in isotonic concentrations to prevent osmotic changes 
in the Hood when intravascular absorption occurs. In the course of an operation, veins 
may be severed, with resultant Wuskm of the 6q>* ^ 

among other things, a dilution of serum sodium which can lead to a condition known as 
30 water intoxication. 
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The applicants have found that it is possible to use a conductive liquid medium, such as 
normal saline, in underwater endoscopic dectrosuruery in place of non-conductive, 
decroryte-free sohitkms. Normal saline is ihe preferred distension medium in underwater 
endoscopic surgery when elect rosurgery is not contemplated, or a oon^ectrical tissue 
5 effect such as laser treatmem is being used. Although normal saline (0.9%w/v. ISOmrooW) 
has an dectrical conductivity somewhat greater than that of most body tissue, it has the 
advantage that displacement by absorption or extravasation from the operative site 
produces little physiological effect and the so-called water intoxication effects of non- 
conductive, electrolyte-tree solutions are avoided. 



10 



The applicants have developed a bipolar instrument suitable for underwater electrosurgery 
using a conductive liquid or gaseous medium This electrosurgicaJ instrument for the 
treatmem of tissue in the presence of a fluid medium, comprises an instrument body having 
a handpiece and an instrument shaft, and an dectrode assembly ai one end of the shaft. The 
15 electrode assembly comprises a tissue treatment electrode which is exposed at the extreme 
distal end of the instrument, and a return electrode which is electrically insulated from the 
tissue treatment electrode and has a fluid contact surface spaced proximaily from the 
exposed part of the tissue treatment electrode. In use of the instrument, the tissue 
treatmem electrode is applied to the tissue to be treated whilst the return electrode, being 
20 spaced proximaily from ihe exposed part of the tissue treatment electrode, is normally 
spaced from the tissue and serves to complete an decuosurgical current loop from the 
tissue treatmem dectrode through the tissue and the fluid medium. This decuosurgical 
instrumcni is described in the specif.cation of our European Patent Application 
96918786.1. 

25 

The dectrode structure of this instrument, in combination with an dectricaUyHMHiducuve 
fluid medium, largdy avoids the problems experienced with monopolar or bipolar 
dectrosurgery. In particular, input power levds arc much lower than those generally 
necessary with a monopolar arrangement (typically 100 wans). Moreover, because of the 
30 relatively large spacing ben^en its electrodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 
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An arihroscope electrode may be characterised as short ( 100 10 140 mm), and rigid with 
a working diameter up to 5 mm. It can be introduced through a stab incision into a joint 
cavity (with or without a cannula) using the triangulation technique. Such an electrode is 
operated wiih a motion which moves the electrode between the 9 O'Clock and 3 O'Clock 
5 positions on the arthroscopic image. As a result, the tissue to be treated is usually 
approached at a shallow working angle with respect to the axis of the electrode. An 
arthroscopic electrode thus needs to have an effect consistent with this angled approach 
to the tissue. The tissue to be treated, such as meniscal cartilage, is commonly dense and 
of a high electrical impedance. An arthroscope electrode requires output power and 
10 voltage settings that reflect the type of tissue being treated, the size of electrode, and the 
fact that arthroscopies are seeking a speed of effect comparable to that of the mechanical 
shaver devices they currently employ, albeit with an electrode of smaller dimensions than 
a shaver blade for improved access. Joint spaces arc commonly small (the joint spaces in 
the knee being typically 60 to 100 mis under fluid distension), and tissue often needs 
,5 mechanical manipulation. Known monopolar arthroscopic electrode configuration*, 
therefore, are of a rigid construction, having angled hook or probe-tip configurations to 
produce cuttin S of high impedance tissue, and to connect to an ergonomic handpiece to 
aid tissue manipulation. 

20 The aim of the invention is to provide an improved electrosurgical instrument of this type 

The present invention provides an electrosurgical instrument for the treatment of tissue in 
the presence of an electrically-conductive fluid medium, the instrument comprising an 
instrument shaft, and an electrode assembly at one end of the shaft, the electrode assembly 

25 comprising a tissue treatment electrode and a return electrode which is electrically 
insulated from the tissue treatment electrode by means of an insulation member, the ussue 
treatment electrode having an exposed end extending laterally through a cut-out prowled 
in the insulation member at the distal end portion of the instrument, and the return 
electrode having a fluid contact surface which overlies the insulation member m the region 

30 of the cut-out. said fluid contact surface being spaced from the tissue treatment electrode 
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in such a. maimer as to define, in use. a conductive fluid path that completes an electrical 
circuit between the tissue treatment eieurode arid the return electrode. 

The invention also provides an dectrosurgical instrument for the treatment of tissue in the 
5 presence of an dearicalry-conductrve fluid medium, the instrument comprising an 
msmirnent shaft, and an electrode assembly at one end of the shaft, the electrode assembly 
comprising a tissue treatment electrode and a return electrode which is electrically 
insulated from the tissue treatment electrode by means of an insulation member, the tissue 
treatment dectrode having an exposed end extending laterally through a cut-out provided 
10 in the insulation member, wherein the return dectrode has a distal end portion with a fluid 
contact surface which overlies the insulation member in the region of the cut-out and faces 
laterally in a first direction, and wherein the insulation member projects laterally outwardly 
between said distal end portion and the tissue treatment electrode, the tissue treatment 
dectrode facing laterally in a second direction opposite to said first direction. 

15 

The laieraUy-projectinu pan of the insulation member increases the conductive fluid path 
length from the tissue treatment electrode to the return electrode, and forces the dearie 
fidd outwardly, thereby preventing preferential arcing between the return dectrode and 
the nearest part of the tissue treatment electrode, and promoting arring between the tissue 
20 treatment dectrode and the neighbouring tissue. 

The return dectrode is spaced from the tissue treatment electrode so that, in use. it does 
not contact the tissue to be treated, and so that the electrical circuit is always completed 
by the conductive fluid, and not simply by arcing between the dectrodes. indeed, the 
25 arrangement is such that arcing between adjacent parts of the dectrode assembly is 
avoided, thereby ensuring that the tissue treatment dectrode can become envdoped in a 
vapour pocket so that tissue entering the vapour pocket becomes the preferred path for 
current to flow back to the return dectrode via the conductive fluid. 

30 The dectrosurgical instrument of the invention is usefot for dissection, resection, 
vaporisation, desiccation and coagulation of tissue, as well as for combinations of these 
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function, I. has , oscular appUcation in anhro,copic surgery as ,. peruana .0 
.ndoacopic and percu-neoo. procrfure, performed on join., of ,he body including bu« 
no , Kmued .o. such techniques "they apply .o .he spine and other non-synoval ,omt» 
Anhroscopie operative procedures may include: panial or compete meniscectomv of the 
S knee join, induding memsca. cystectomy; l.,e«l retitucuiar release of ,he knee jomr. 
^vai of anterior and posterior cntdate ugamem, or remnant, .hereof: labral .ear 
^acmtniopl^burseaonvand,^^ 

awerior rdease of .he ..mperomandibuUr join,: synovectomy, cartilage debndemem. 
chondroptov. division of intra-anicular adhesions, fracture and tendon debridemem ps 
,0 applied .o anv of ,he synovia, join,, of the body: inducing then-* shrinkage of join, 
cpadc, a, a treatment for recurrent evocation, luxation or repetitive are* injury ,o 
any amculated join, of the body: discec.omy d«her in .he ueaunen, of a disc pro-apse or 
as part of a spu*. fusion via a posterior or amerior approach ,o .he cervical, .ho^oc and 
kwte spine or any 6*er Sbrou, join, for rimtor purposes; cation of di,e«ed ,i»ue; and 
IS haemostasia 

The instrument of the invention i, also uacfu. for direction, resection, vaporuation 
desiccation and coagubtioo of tissue, a, weB as combinations of these function* wab 
panicuter app.ica.ion in urologica. endoscopic (urenroscopy. cystoscopy. ur««ero,copy 
,0 andnephro~py>andp^anecu,,urg«y. -JroU** procedure, n»y .ndude: dect, 
vM»ri»uo» of the prosute gland (EVAP) and other ™ of the procedure commonly 
referred to as .^edu^ resection of the pro,ut. .TURF) induding. bu, no, limited 
in,-«Uial ablation of the pro„,.e gland by a percutaneous or perurdbral route whether 
performed for benign or mahgnam disetae; .ranaurethm. or percuuneou. resecotmo 

,hey may arise anywhere in ,he undo** ,™ fmm the ca^ of the krdney to .he 
eternal urethra. me*u,. divition of strioure, a, they may arise a. the peh«ur*enc 
junction (PUD. umer. uretera. orifice, b^ide, neck or urethra; correcuon of ureteroeode: 
shAdcage of Madder dtverricular. cys,opU*y procedures a, they peruin to correcoonsof 
30 voiding dysfunction; thermdW induced linkage of the pdvic noor a, a cormcuve 
lte a,men, for bladder neck decent; «c»on of di»cued toe; and haemoaasts. 
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Surgical procedures using the electrosurgical instrument of the invention may also include 
introducing the electrode assembly to the surgical site, whether through an artificial 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one created surgically. The cavity or space may be distended during the 

S procedure using a fluid, or may be naturally held open by anatomical structures. The 
surgical site may be bathed in a continuous flow of conductive tluid such as saline solution 
cither to fill and distend the cavity, or 10 create a locally-irrigated environment around the 
tip of the electrode assembly in a gas filled cavity. The irriuaung fluid may be aspirated 
from the surgical site to remove products created by application of the Rf energy, tissue 

10 debris or blood The procedures may include simultaneous viewing of the she via an 
endoscope, or using an indirect visualisation means. An irrigated bipolar electrosurgical 
instrument is described in the specification of our International Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue treatment electrode is constituted by a 
plurality of tissue contact filamentary members made of an electrically-conductive material, 
the filamentary members being electrically connected to a common electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
i he coils of the filament constituting the filamentary members. The filament may have a 
diameter lying in the range of from 0.0S mm to 0.5 mm 

In another preferred embodiment, a plurality of separate, individual filaments constitute the 
25 filamentary members. The filaments may each have a length K ing within the range of from 
0 5 mm to 5 mm, and a diameter lying within the range of from 0.05 mm to 0.5mm. 

Preferably, the filamentary members are made of tungsten, or of an alloy of tungsten or 
platinum. 

30 

Alternatively, the exposed end of the tissue contact electrode is constituted by a mesh. 
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Preferably, the tnstrurnent further comprises suction means for applying a sub-atmospheric 
pressure to the interior of the insulation member, whereby vapour bubbles produced in the 
region of the tissue treatment electrode are evacuated via the interior of the instrument. 

5 

Advantageously, the cut-out is formed in a lateral surface of the insulation member 
adjacent to the distal end thereof. In this case, the instrument can be used as a side-effect 
instrument. Alternatively, the cut-out is formed obliquely across the distal end face of the 
insulation member, whereby the exposed end of the tissue treatment electrode has both an 
10 axially-facing tissue contact portion and a laterally-facins tissue contact portion. In this 
case, the instrument can be used as both an end-effect instrument and as a side-effect 
instrument 

Advantageously, the dimensions and configuration of the tissue treatment electrode, the 
15 fluid contact surfece and the insulation member are such that, when the electrode assembly 
is immersed in a conductive fluid medium, the ratio of (i) the length of the shortest 
conductive path through the fluid medium between the fluid comaa surface and that pan 
of the tissue treatment electrode which is furthest from the fluid contact surface, to (ii) the 
length of the shortest conduction path through the fluid medium between the fluid contact 
20 surface and the tissue treatment electrode is at most 2 to I 

Preferably, the laterally-projecting portion of the insulation member defines an insulation 
barrier to divert electrical current flow through the fluid medium thereby to increase said 
shortest conduction path length between the fluid contact surface and the tissue treatment 
25 electrode The first direction may define a ueatrner* axis, and said two shortest conductive 
paths may lie in a common plane comaining the treatment axis. 

The invention also provides an electrode unit for an electrosurgical instrument for the 
treatinem of tissue in the presence of an dectricalry-cc^iductive fluid medium, the electrode 
30 utihcomprbmgashaflhavirw 

and. mounted on the other end of the shaft, an electrode assembly comprising a tissue 
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treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposal end extending laterally through a cut-out provided in the insulation 
member, and the return electrode having a fluid contact surface which overlies the 
5 insulation member in the region of the cut-out. said fluid contact surface being spaced from 
the tissue treatment electrode in such a manner as to define, in use, a conductive fluid path 
that completes an electrical circuit between the tissue treatment electrode and the return 
electrode. 

10 The invention further provides dectrosurgical apparatus comprising a radio frequency 
generator and an dectrosurgical instrument for the treatment of tissue in the presence of 
an dectricaUy-conductK-e fluid medium, the instrument comprising an instrument shaft, and 
an dectrode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment dectrode and a return electrode which is electrically insulated from the tissue 

15 treatment dectrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end portion of the instrument, the return dectrode having a fluid 
contact surface which overlies the insulation member in the region of the cut-out. and the 
radio frequency generator having a bipolar output connected to the decrrodes. said fluid 

20 contact surface being spaced from the tissue treatment dectrode in such a tnanner as to 
define, in use, a conductive fluid path that completes an decrical circuit between the tissue 
treatment dectrode and the return dectrode. 

Advantageously, the radio frequency generator indudes control means for varying the 
25 output power delivered to the dectrodes The control means may be such as to provide 
output power in first and second output ranges, the first output range being for powering 
the decrrosurgicai marumcrt for tissue desiccation and the second output range bring for 
powering the dectrosurgical instrument for tissue removal by cutting or vaporisation. 
Cowememly. the first output range is from about 1 50 volts to 200 volts, and the second 
30 output range is from about 250 volts to 600 volts, the voltages being peak voltages. 
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11 

Preferably, the control means is such as to alternate the output power between first and 
second powers in the first and second output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

The invention will now be described in greater detail by way of example, with reference 
to the drawings, in which:- 

figure 1 is a diagram showing an electrosurgical apparatus constructed in accordance 
with the invention. 

Figures 2 to 6 are diagrammatic side elevations of the electrode assemblies of five forms 
of electrode unit constructed in accordance with the mvemion; 

figure 7 is a perspective view of a modified form of the electrode assembly of Figure 3; 

15 

figure 8 is a perspective view of part of the assembly of Figure 7: and 

figure 9 is a cross-section taken on the lines A-A of Figure 7. 

,0 Each of the electrode units described below is intended to be used with a conductive 
ofc^rnedmrnsuchasnoHnds^ande^unnhaad 

*, conducive medium acting » a conductor between the tissue being tre*ed and one of 
,he electrodes, hereitufter called the return electrode. The other electrode is appbed 
directly to the tissue, and is hereinafter called the tissue treatment (active) electrode. In 
7 S many cases, the use of a liquid distension medium is preferable, as it prevents «cessrve 
strode temperatures in most eireumuances. and largely etinrirates tissue sticking. 

Referring to the drawmgs. figure I shows dectrosurgicat apparatus including a generator 
1 having « ompu. socket 2 providing a radio frequency (RF> output for an instrument m 
50 the form of a handpiece 3 via a connection cord 4 Activation of the generator I may be 
performed from .be handpiece 3 via a control connection in the cord 4. or by rmans of a 
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footswitch unit 5. as shown, connected separately to the rear of the generator I by a 
fbotswhch connection cord 6. In the illustrated embodiment, the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
generator 1 respectively The generator front panel has push buttons 7a and 7b for 
5 respectively setting desiccation and vaporisation power levels, which are indicated in a 
display 8. Push buttons 9a are provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable electrode unit E. such as ihe electrode units El to E5 
10 to be described below. 

Figure 2 shows, ihe first form of electrode unit El for detachable fastening to the 
electrosuruical instrument handpiece 3. ihe electrode unit comprising a shaft 10. which is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
1 5 copper or gold, with an electrode assembly 1 2 a a distal end thereof At the other end (not 
shown) of the shaft 10. means are provided for coitnecting ihe electrode unit El to the 
handpiece 3 both mechanically and electrically. 

The RF generator 1 (not shown in Figure 2) delivers an dectrosurgical current to the 
20 electrode assembly 12. The generator includes means for varying the delivered output 
power to suit different electrosuruical requirements. The generator may be as described in 
the specification of our European Patent Application 96304558.8 

The electrode unit El includes an active decirode 14 which is constituted by a plurality of 
25 filaments made of tungsten or an alloy of tungsten or platinum. The active (brush) 
electrode 14 is connected to the RF generator I vim an insulated central copper conductor 
(not shown). A ceramic insulation sleeve 16 surrounds the central conductor, the filaments 
14a of the brush electrode passing along the msulation sleeve and extending laterally 
therefrom through a cut-out 16a. A return electrode 1 8. which is constituted by the distal 
30 end of the instrument shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coaling 20 (which could be poryvinylidene fluoride, a polyirnide. 



WOWOJ45 



PCT/GB97/016J1 



1} 



pdytdraftroroethylene. . polyoWut a polyester or «hylene .etrafluoroeihyleDe) 
suncmd. .he proximal portion of the shaft adjacent ,o «he return deorode 1 8. The room 
electrode IS is formed with a hood-like extern . 8. which extend, over the surface of 
the steeve .6 which is opposite to the cut-out 16a. The electrode unit B can. thus. pro«de 
5 maximum ««ue engagement for shallow working angle applications, and i, known as a 
side-effect electrode. 

This dectrosunpcal insuumem is particularly useful for rapid tissue detailing. One of the 
problems which could be encountered when tissue is rapidly debulked usmg an 
lb arthroscopic electrode configuration, particular when working in small join, spaces, » 
,he production of vapour bubble, genaaed as an end product of tissue vaporisauon. Such 
bubbles obscure vision, and can coalesce a. the site of tissue appliauion. so that the 
electrical circuit between the aenve and return electrodes becomes compromised by the 
,b*»ee of conductive Ouid. lnegular active electrodes having filamentary, mesh or coded 
IS spring form, go some way to solving ttb problem, as they reduce the vapors 
thrchold a, di^osed in .he specification of our Intern***! Patent Appta» 
GB97/00065. Another advrmmge of these electrode form, is that the bubble, generoted 
by vaporisation are smaller than those formed by solid erodes. As the brosh electrode 
,4 of this dectrosurgied instrument is of irregular shape, i. also has .he advamage of 
, 0 product rdativdy mull vapour bubble, a, the produc. of tissue vaporisauon. The 
production of vapour bubble, is. however, further reduced as a result of the tower 
.breshold power of vaporisation which rcsuU, from use of the electrode unit El. Thts 
improvement results from the hood-like extension .8. of the mum decuode 18 wruch 
e a« 0 d,o>«u le backof»»eac.ivedec.rode .4. Thi, reduces the sepamion between me 
25 active dearode , 4 and the return dec«*e , 8 . thereby reArcing the deemed field and rite 
vaporiution thread power of the active decuode. This enhances the speed of 
v,poris^ of ttens^atakrwer power than would other^^ 

,edv.d«c^^^l^^^^» rf ^^^ ,te ^ ke 
mooota 18. extend, along the entire length of the adve dectrode 14. a Urge acuve 
30 dearode size can be supported, desphe the reduction ,n electrode sep« U ,oa 
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The robustness of the dectrode assembly 12 is also important in arthroscopic surgery, both 
because of the tendency of surgeons 10 use an dectrode assembly as a cold manipulator, 
and because of the riuid nature of the tissue to be treated - particularly bone and cartilage. 
The hood-Eke extension ISa adds mechanical strength to the dectrode assembly 12, as it 
5 extends over the ceramic insulation sleeve 16, thereby reducing the risk of ceramic fracture 
and potential breakdown of insulation. 

The dectrode unit E! is intended primarily for use in arthroscopic surgery which requires 
rapid tissue debufiomj by vaporisation In use. the electrosurgical instrument is manipulated 

1 0 to introduce the electrode assembly 1 2 into a selected operation site (for example, within 
the joint space of a knee), so that the brush electrode 14 contacts the tissue to be treated, 
and with the tissue and the electrode assembly immersed in saline. The footswitch 5b (or 
the push button 7b) is then operated to set the required power levd for vaporisation. The 
generator I then provides sufficient RF power to the electrode assembly 12 to vaporise the 

1 5 saline surrounding the brush dectrode 1 4. and to maintain a vapour pocket surrounding 
this electrode Using a brushing technique, with firm pressure against the tissue surface, 
rapid debuiking of the tissue is achieved. Gently touching the tissue wiD reduce the effect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of debuiking and side-effect configuration, the dectrode unit E I also 
has advantages in urological surgery as an EVAP technique for use in conjunction with a 
resectoscope. A resectoscope dectrode unit is introduced very differentlv. in that it is 
mourned on an endoscope prior to passage of the assembled instrument through a working 
sheath introduced via the urethra. The proximal end of the electrode unit is connected to 

25 a trigger assembly and an dectrical contact which is integral with the resectoscope. By tins 
means, the dectrode unit can be moved back and forth through a defined range of motion 
by operating the trigger mechanism. As the dectrode unh is assembled prior to 
introduction, the size of the tip is not constrained by working chaand dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm Part of this 
30 diameter is occupied by the support wires to the dectrode unit, which wires are commonly 
bent in a downward angle, with respect to the endoscopic image, to the working tip, so 
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that they do not interfere with either visualisation or its operation. The brush electrode 1 4 
can have a length lying within the range of from 3 mm to 4 mm and a width lying in the 
range of from 2 mm to 3mm. and this size is necesary for urological surgery given thau on 
average, 20-30 grams of prostate tissue must be removed. 

5 

Because of the reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active electrode from below, bubble generation during vaporisation 
is less of a problem during endoscopic urology, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevertheless, the use of the electrode unit El 
10 substamiaity reduces the possibility of bubble generation causing problems. 

Although the electrode unit El is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, paiticularly of synovial membranes or to separate 
muscle attachments. In this case, once the electrode assembly 12 has been introduced into 
15 a selected operation site, the RF generator I is actuated using the foouwitch 5a or the 
push button 7a to set the required power level for desiccation. The generator will then 
provide sufficient RF power to the electrode assembly 12 to maintain the saline adjacent 
to the brush electrode I A subsuurtialry at its boiling point without creating a vapour pocket 
surroundingthat electrode. The instrument can then be manipulated by moving the brush 
20 electrode 14 across the surface of the tissue to be treated in a sidcto-sidc painting" 
technique. 

The electrode unit El can also be wed for Wending tissue Thus, by automatically 
alternating the output of the RF generator I between the desiccation and vaporiauion 

7J power levels, more haemostasis is produced then is possible in the vaporisation mode. As 
, consequence, the speed of tissue debulking can be mhseed. which U usdul when cutting 
or <l«buUcmgva««l» tissue structures. ArWMnvely. the output of the RE generator 1 can 
be pulsed « *' vaporisation power level without cycled activation of the desiccation 
mode. This produces a less aggressive tissue vaporisation than occurs in the vaporisation 

30 mode, with a consequent reduction in bom bubble formation and the risk of tissue charring 
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Figures 3 to 6 show electrode writs E2 to £5 which are modified versions of the electrode 
unit El. Accordingly, like reference numerals wiD be used for like parts, and only the 
modifications will be described in detail. Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mounted within the cut-out 16a. The coiled spring 
5 electrode 1 4 is made of tungsten or an alloy of tungsten or platinum, and its proximal end 
is connected to the RF generator 1 via an insulated central copper conductor (not shown). 

The electrode unit E3 of Figure 4 is of "sputnik* form, having an active electrode 14 
constituted by a plurality of needle-like protrusions 14a extending from a thin metal base 

10 plate 14b mounted within the cut-out 16a in the insulation sleeve 16. Both the base plate 
14b and the protrusions 1 4a are made of tungsten or an alloy of tungsten or platinum. The 
needle-like protrusions 14a are connected to the RF generator I via a common insulated 
central copper conductor (not shown). This unit E3 is less complex to manufacture as 
compared with the brush-type form of the unit El and will produce similar effects. 

1 5 Moreover. U allows for variations in the density of the needle-like protrusions 1 4a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 14 which is constituted by 
a mesh made of tungsten or an alloy of tungsten or platinum This electrode unit E4 can 

20 be provided with a suction pump < not shown) which can remove vapour bubbles via the 
shaft of the instrument through the active electrode 14 This enhances the elimination of 
vapour bubbles from an operation site, which U particularly advantage™" during 
aagressive tissue debulkinu. The suction pump must be controlled so that the flow of 
bubbles through the electrode 14 is balanced to the output characteristics of the RF 

25 generator I to prevent excessive cooling of the active electrode and a resultant increase 
in Hs vaporisation power threshold. The thermal mass of the mesh active electrode 14 is 
lower than that of a solid form active electrode, and this assists in rapidly re-establishing 
the vapour pocket around the active electrode should this collapse following excessive 
cooling. The control means for the suction pump may involve the use of an intermittent 

30 suction technique. 
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Figure 6 shows the electrode unH ES having an active decuode 14 of the coiled spnng 
type Here, however, the cut-out 16, U formal oblkpiely (at 4S«> across the disud end ftce 
ofthe insubrion sleeve 16. so that the exposed end of.be active electrode 14 ha, both an 
axiaJry-factng tissue contaa portion and a laterally-facing tissue contact portion. The up 
5 of thecoiled decuode 14 is also angled a 4$ degrees to the axis ofthe instrument, so that 
this electrode unit is both an end-elfect electrode and a side-effect electrode. The mam 
advamage of this electrode unit E5 is thai it can be used in conjunction with endoscope 
surgery techniques which require working channel introduction 

, o The Figure, 7 to 9 show a modiHed form of the elecuode unit E2 of Figure 3 This 
electrode una E? has an active electrode 14' in the form of a coiled-spring electrode 
mounted within a cut-out 16a" in the insulation member 16'. The coiled-spring electrode 
14' is made of tungsten or an alloy of tungsten or platinum, and it, proxtmal end ts 
connected to the RF generator by an insulated central copper conductor (not shown). As 

15 sta«vnmRsure8..heinsul..io»member 16" i, formed with, recess 16b" which recetve, 
the return electrode I V and its extension 1 8a" (not shown in Ftgures 7 and 8) 

As shown in Figure 9, the active electrode 1 4' has a distal end portion which is exposed at 
lhe dism. end ofthe instmmem for tissue comae This embodiment has advantages over 
,0 the eariier embodiments, particular* where access i, needed to remote areas of a mm, 
cavttv Tints, in such remote ,oint cavity areas, the extension ofthe insulation member .6 
of e«h of the embodiments of Figures 2 to 5 may prevent the associated active decuode 
1 4 accessing ihese areas. 

25 Figure 9 illusuates the way in which the insutaion member 16" project, laterally in the 
^ between the active decuode 14' and , be extension 18,' ofthe rentm elecuode ^ 
Tto ^-projecting par, of the insulation member 16- increase, the conduenve to* 

field outwanHy. thereby preventing preferentid arcing between the return deetrode and 
30 the nearest part of the acuve decrode. and promoting .rang between the aenve decuode 
^*e neighbouring tissue The return deetrode 1 8' i, spaced from the active elecuode 
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14' so that, in use, it does not contact the tissue to be treated, and so thai the electrical 
circuit is always completed by the saline, and not simply arcing between the electrodes. 
Indeed, the arrangement is such that arcing between adjacent pans of the electrode 
assembly is avoided, thereby ensuring that the active electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue entering the vapour pocket becomes the preferred path 
for current to flow back to the return electrode 18' via the conductive fluid. 

To consider the operation of the electrode unit E2* in more detail, when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip 14'a of the 

10 active elect rode 14* This tip I4'a constitutes an active electrode treatment portion. This 
bubble is sustained by arcing within it. The greater the applied voltage, the greater is the 
size of the bubble. The energy dissipated by each arc is impedance-limited by the remaining 
fluid in the conduction path and by the source impedance of the generator. However, an 
arc behaves as a negative impedance in thai, if the energy in the arc is sufficiently high* an 

1 5 ionised path of very low impedance is formed. This can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return electrode 18* is sufficient to act as a limh on dissipated power. It is 
also possible for the vapour pocket around the active electrode treatment portion 14'a to 
encroach the return electrode 1 8' In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limitation is poor and cannot be adjusted 
according to electrode size. For these reasons, the dimensions and configuration of the 
insulation member 16 should be such as to define a minimum conduction path length of 
1mm between the active electrode treatment portion I4'a and the fluid contact surface of 
the return electrode 1 8* This minimum path length is, in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 16' plus the step dimension c of the 
laterally- projecting part of the insulation member. 

A further consideration is the possibility of a vapour pocket forming only over pan of the 
exposed treatment portion 14'a of the acuve electrode 14'. When the applied voltage and 
30 power are sufficiently high, a vapour pocket will form around the active electrode exposed 
treatment portion I4'a Preferably, the pocket is formed uniformly over the entire length 
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of the treatment portion In such a situation, the load impedance presented to the generator 
can changed a, much as. factor of 20. However, when there are significant differences 
i„ the conduction path length between the return electrode fiuid contact surface 18a- and 
different parts of the exposed active electrode treaiment portion 1 4'a. a voltage gradient 
5 a established over the length of each electrode. With some insulation member and active 
electrode configurations, the voltage gradient can be sufficiently large to eraWe vapour 
pocket formation only over that pan of the exposed treatment portion closest to the fluid 
contact surface, leaving the extreme diatal end of the exposed treatment portion still in 
contact with the conductive fluid Thus, the voltage gradient is established within Ihe 
10 conductive fluid where the edge of the vapour pocket internets the surface of the active 
electrode treatment portion 14'a. The electrical behaviour of such a partially-enveloped 
active electrode treatment portion 14'a is very different from that of a fully-enveloped 
treatment portion In terms of controlling generator output by sensing peak voltage, the 
beteviour of the electrode assembly s no longer bistable. However, the power demand is 
15 considerablv higher as a result of the vaporisation voltage presented across the tow 
impe dance »«ted region of the active electrode treatment portion I4'a. The clinical effect 
i, not only the required vaporisation, but also an undesirable thermal damaging effect 
resulting from the increased power dissipation. 

20 Partial enveloping of the active electrode treatment portion Ka on be largely avoided by 
emurin. that the ratio ofthe length b of the condueth* path between the furthermost po.nt 
of *. active Strode treatment portion and the length of the short*, conductive petit 
berwee* the active electrode treatment portion and the fluid eonuu* surface is at most 2:1. 
ie b/(a+c> s 2. The lateraMy-projecling portion ofthe insulation member 16' defines an 

2S insutation barrier to direct electrical current flow through the fluid medium, thereby 
increasing the shortest conductive path between the fluid contact surface Iff. and the 
active electrode 14* 

„ will be noted from figure 9 that the downward extent ofthe exposed active elecsrode 
,0 treatment portion, ie. the distance d by which the active electrode project, beyond the 
staoudingpWtheinsubtton mernl^ 
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of the exposed treatment portion in a transverse plane. This allows the instrument to be 
rotated about the axis of its shaft to some extent without losing the required surgical effect. 

Figure 9 also shows that the active electrode 14' has an exposed end (the tip I4'a) which 
5 extends laterally through the cut-out I6'a in a first direction which is opposite to the 
direction in which the fluid contact surface 18a' faces. This first direction defines a 
treatment axis which lies in a common plane with the two shortest conductive paths 
referred to above. The electrode units of the embodiments of Figures 2 to 6 also include 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has laterally-projecting part which increases the conductive fluid path length 
from the active electrode 14 to the return electrode 18. These electrode units also are such 
that the ratio of the length of the conductive path between the furthermost point of the 
1 5 active electrode treatment portion and the fluid contact surface of the return electrode, and 
the length of the shortest conductive path between the active electrode treatment portion 
and the fluid contact surface is at most 2. 1 

In order further to improve access to remote joint cavity areas, the distal portion of the 
20 electrode shaft of each of the embodiments described above could be angled, say between 
15° and 30°, with respect to the main portion of the instrument shaft. In a further 
modification, titanium could be used as the material for each of the active electrodes. 

It wiD be apparent that modifications could be made to the embodiments described above. 
25 For example, the embodiments of Figs I to 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via the shaft of the mstrurnent through the active 
electrode. It would also be possible to make the insulation sleeve 16 of each of the 
embodiments of a silicone rubber (such as a silicone poryurethane), glass, a polyimide or 
a thermoplastics material. 

30 
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CLAIMS 

I. An dcctrosurgical instrument for the treatment of tissue in the presence of an 
electrically-conductive fluid medium, the instrument comprising an instrument shaft, and 

5 an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the ussue treatment electrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member ai the distal end portion of the instrument, and the return electrode having a fluid 

10 contact surface which overlies the insulation member in the region of the cut-out, said fluid 
contact surface being spaced from the tissue treatment electrode m such a manner as to 
define, in use. a conductive fluid path that completes an electrical circuit between the tissue 
treatment electrode and the return electrode. 

15 2. An dcctrosurgical instrument for the treatment of ussue in the presence of an 
dectrically-conductive fluid medium, the instrument comprising an instrument shaft, and 
an electrode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment electrode and a return dectrode which is electrically insulated from the ussue 
treatment dectrode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
member, wherein the return electrode has a distal end portion with a fluid contact surface 
which overlies the insulation member in the region of the cut-out and faces laterally in a 
first direction, and wherein the insulation member projects laterally outwardly between said 
distal end portion and the tissue treatment dectrode, the tissue treatment dectrode facing 

25 laterally in a second direction opposite to said first direction. 

3. An dectrosurgjcal instrument as claimed in claim 1 or claim 2. wherein the exposed 
end of the tissue treatment dectrode is constituted by a plurality of tissue contact 
filamentary members made of an dectncaUy-conductive material the filamentary members 
30 bong dectricaliy connected to a common dectrical supply conductor. 
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members 

5 s. An dectrosurgical instrument as daimed in daim 4. wherein the filamen. has a 
diameter lying wi.hin .he mnge of from O.0S mm » 0.5 mm. 

individual 6lan»iu constitute the filamentary members. 

'° • , , „ claimed in claim 6. wherein the filaments each 

7 An electrosuruical mstrumem as claimeo in own. 

have . length lying vi.mn the range of from OS mm to 5 mm. 

8 M ^ instrument a, claimed in el*. 6 o, d« 7, wherein the 

o. An electrosurgiea. mstrsunem a, daimed in any one of daim. )' to 8. wherein the 
' filamentary members are made of tungsten. 

, 0 l0 An e.ecuosurmc.1 instrument as cWmed in any one of cUima 3 to a. *1«re» the 
fiUmemarv members are made of an alloy of tungsten or platmum 

end 0 f,be tissue contact electrode is constituted by a mesh. 

M n An dectrosur^ as daimed ,n any one of cUims , ,o ... W 

Lp** action means for ^ a .ub-atmosp*ric pressure to the rrner- ™* 

electrode are evacuated via .he interior of the instrument. 
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1 3. An dectrosurgical instalment as claimed in any one of claims I to 12. wherein the 
cut-out is formed in a lateral surface of the insulation member adjacent to the distal end 
thereof. 

5 14. An elecuosunpcal instrument as claimed in any one of claims I to 12, wherein the 
cut-out is formed obliquely across the distal end face of the insulation member, whereby 
the exposed end of the tissue treatment electrode has both an axiaily-facmg tissue contact 
portion and a laterally- facing tissue contact portion, 

10 15 An dectrosurgical instrument as claimed in any one of claims 1 to 14, wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the ratio of (i) the length of the shortest conduction path through 
the fluid medium between the fluid contact surface and that part of the tissue treatment 

1 5 electrode which is furthest from the fluid contact surface, to (u) the length of the shortest 
conduction path through the fluid medium between the fluid contact surfece and the tissue 
treatment electrode is at most 2 to I. 

1 6. An electrosurgical instrument as claimed in claim 1 5, wherein the ratio of (i) the 
20 length of the shortest conduction path through the fluid medium between the fluid contact 
surface and that part of the tissue treatment electrode which is furthest from the fluid 
contact surface, to (5) the length of the shortest conduction path through the fluid medium 
between the fluid contact surfcee and the tissue treatment dectrode is greater than or equal 
to 1.25. 

25 

17 An dectrosurgicml instrument as claimed in claim 15 when appendant to claim 2, 
wherein the laterally-projecting portion of the insulation member defines an insulation 
barrier to divert dectrical current flow through the fluid medium thereby to increase said 
- shortest conduction path length between the fluid contact surface and the tissue treatment 
30 electrode 
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, 8 . An clcctrosurgical insirumcnt as claimed in claim 1 7. wherein ihe first direction 
defines a treatment axis and said two shortest conduction paths lie in a common plane 
containing the treatment axis. 

19. Andectrosurgical instrument as claimed in any one of claims I to 18, wherein, in at 
least one transverse plane extending in the first direction, the tissue treatment electrode 
projects beyond the insulation member in the first direction by a distance which is at least 
one half of the transverse width of the projecting part of the tissue treatment electrode. 

,0 20 Anelectrosurgical instrument as clain^ m any one of claims 1 to 19. wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the length of the shortest conduction path through the flu,d 
racd ium between the fluid contact surface and the tissue treatment electrode is at least 

15 I mm 

21 An deetrostrrgical instrument as claimed in uy one of claims 1 to 20. wherein the 

sorface ponton having a length and a diameter, the length of the exposed surface pomon 
,0 being at leas. » great a, the diune.es. and wherein, when the «le«rode assembly « 
imB1 ersed in a conductive fluid medium, the ratio off.) the shortest conduction path 
.hrough the fluid medium between the fluid contact wrf.ee and that part of the nssue 
decide which is furthest from the fluid contact surface, to (») the diameter of 
,he exposed surface portion of the return electrode, is at most 4 5 to I 

M 22 An electrode unit for an deetrosurgjed insuumem for the treatment of tissue m the 
of an dectricdly-conducuve fluid medium, the electrode unit comprising a shaft 
having at one end means for connechon to an instrument handpiece, and. mourned on the 
other end of the shaft, an electrode assembly comprising a tissue treatment electrode and 

30 a return dectri.de which is electrically insulated ftom the tissue treaunent electrode by 
me ,„, of an insulation member, the tissue treatment deorode having an exposed end 
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extending laterally through a cut-out provided in the insulation member, and the return 
electrode having a fluid contact surface which overlies the insulation member in the region 
of the cut-cut said fluid contact surface being spaced from the tissue treatment electrode 
in such a manner as to define, in use. a conductive fluid path that completes ah electrical 
S circuit between the tissue treatment electrode and the return electrode. 

23. An electrode unit for an dectrosurgical instrument for the treatment of tissue in the 
presence of an electrically-conductive fluid medium, the electrode unit comprising a shaft 
having at one end means for connection to an instrument handpiece, and, mounted at the 

10 other end, an electrode assembly comprising a tissue treatment electrode and a return 
electrode which is electrically insulated from the tissue treatment electrode by means of an 
insulation member, the tissue treatment electrode having an exposed end extending 
laterally through a cut-out provided in the insulation member, wherein the return electrode 
has a distal end portion with a fluid contact surface which overlies the insulation member 

15 in. the region of the cut-out and feces laterally in a first direction, and wherein the insulation 
member projects laterally outwardly between said distal end portion and the tissue 
treatment electrode, the tissue treatment electrode feeing laterally m a second direction 
opposite to said first direction. 

20 24 Electrosurgical apparatus comprising a radio frequency generator and an 
electro surgical instrument for the treatment of tissue in the presence of an dectrically- 
conductivc fluid medium, the instrument comprising an instrument shaft and an electrode 
assembly at one end of. the shaft the electrode assembly comprising a tissue treatment 
electrode and a return electrode which is electrically insulated from the tissue treatment 

25 electrode by means of an insulation member, the tissue treatment electrode having an 
exposed end extending laterally through a cut-ait provMed m the m 
distal end portion of the instrument, the return electrode having a fluid contact surface 
which overfies the insulation member in the region of the cut-out and the radio frequency 
generator having a bipolar output connected to the electrodes, said fluid contact surface 

30 being spaced from the tissue treatment electrode in such a manner as to define, in use, a 
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conductive fluid path that completes an electrical circuit between the tissue treatment 
electrode and the return electrode. 

25 Eledrosurgical apparatus comprising a radio frequency generator and an 
5 electrosurgiwl instrument fcc the treatment of tissue in the presence of an decuically- 
conduai ve fluid medium. d» instrument comprising an moment shaft, and an electrode 
a, one end of the shaft, the electrode assembly comprising tissue treaunem 
elertrode and . return electrode which is electrically insulated 6™ the tissue treatment 
electrode by mean, of an member, the tissue treatment electrode havmg an 

,0 expos* end extending UtemlW through , cut-ou. provided in the insulation membe. 
wherein the return electrode has a di*al end portion with a fluid comae, surface whtch 
overlies the insufction mcn*cr in the region of the cut-ou. and ftce, lateraU, in a firs, 
direction, and wherein the insulation member project, laterally outwardly between satd 
aU». end ponion and the tissue treatment decode, the tissue treaunen, decsrode faang 
15 laterally ina second direction opposite to aid flrsi direction. 

26 Apparatus a, cUimed in daim 24 or claim 25. whe»» d* radio fluency 
^atorincbdescon.^ me^forv^gthe output power defivered to the electrodes. 

20 27 App^a,cUin^»daim26.wl^«theconnolme m U»ch«,oprovide 
o^powesinfi™ and *eond output,^ the fln, output rangebeins for powering 

powering the dec.rosurgica. instrument for .issue removal * cutting or vaponsanon. 

I5 28 App-atu... daimed indaim 27. whereto the fa« outp* r^ « 6™ »bou« 
140 voHs to 200 volts, and the -ood output rattge U from about 250 volt, .0 600 voh, 
the voltages being peak voltages. 

» AppMatul as claimed m cWm 26 or claim 27. wherein the control mean, is such 
,0 as to alternate the output power between first and second powen in the first and second 
output ranges. 
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30. Apparatus as cfahrrri in claim 26 or claim 27. wherein the control means is such 
as lo pulse the output power at a power within the second output range. 
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